Introduction
Dioxygen activation has provided substantial impetus for important developments in several different fields. These include biomimetic and bioinorganic chemistry which aim to reveal the structures of the reactive intermediates at the active sites of metalloenzymes and give insights into the mechanistic details of dioxygen activation and oxygenation reactions, [1] [2] [3] [4] [5] [6] and catalysis since the metal-dioxygen intermediates have been proposed as active oxidants in C-H bond activation reactions. 3 It has been proposed that dioxygen activation first involves bonding of dioxygen at a reduced metal center to form metalsuperoxo or metal-peroxo intermediates, followed by O⋯O bond cleavage leading to the formation of high-valent, metaloxo species, which are responsible for the oxidation reaction of the substrates within the metalloenzyme. [1] [2] [3] [4] [5] [6] It is therefore believed that the presence of a redox-active metal center is a fundamental prerequisite for activating and reducing dioxygen. Indeed, over the years, several high-valent metal-peroxo complexes, obtained by the action of dioxygen on a reduced metal center, have been structurally characterized by singlecrystal X-ray crystallography. 4 Examples include Ti(IV)-peroxo, Restricting further discussion to nickel-dioxygen species, there is only one Ni(II)-peroxo 5a and one Ni(II)-superoxo 5b compound, obtained by the oxygenation of a Ni 0 and a Ni I precursor, respectively, which have been structurally characterized. There are also a few reports of spectroscopically characterized nickel-peroxo and nickel-superoxo complexes obtained by the action of dioxygen on low-valent Ni 0 and Ni I precursors, 2e,3a,6 while there are no structurally characterized Ni(II)-peroxo species obtained by the action of dioxygen on Ni(II) centers. Since Ni(II) is inert toward O 2 , the most common approach to obtain Ni(II)-peroxo or Ni(II)-superoxo complexes is the use of H 2 O 2 .
5b Indeed, there are a handful of structurally character- 
Raman spectroscopy
Raman spectra were collected for all samples on two different Raman spectrometers, both with 785 nm excitation. The first system was a Raman WorkStation™ (Kaiser Optical Systems Inc., Ann Arbor, MI) over a 200-3000 cm −1 spectral range, with a resolution of ∼3-4 cm −1 . This system was equipped with a −40°C cooled CCD detector. The second system was a RamanStation spectrometer (AVALON Instruments Ltd, Belfast) equipped with a TE cooled (−90°C) back thinned CCD detector. A laser power of ∼70 mW (at the sample) with an exposure time of 2 × 10 seconds was used and spectra were collected from 250 to 3311 cm −1 (at a resolution of 4 cm −1 ). For all data, exposure times (between 10 and 45 seconds) and accumulation numbers were varied in order to attain the optimal signal to noise (S/N) ratio in the Raman spectra, so that any shifts in the peroxo bonds could be accurately measured. The spectra were not corrected for instrument response.
Mass spectrometry
Analysis was carried out using a Bruker Maxis Impact instrument with an electrospray ( mol L −1 and introduced into the MS at a dry gas temperature of 180°C. The ion polarity for all MS scans recorded was positive, with the voltage of the capillary tip set at 4000 V, end plate offset at −500 V, funnel 1 RF at 400 Vpp and funnel 2 RF at 400 Vpp, hexapole RF at 200 Vpp, ion energy at 5 eV, collision energy at 5 eV, collision cell RF at 1500 Vpp, transfer time at 120.0 μs and the pre-pulse storage time at 10.0 μs. Each spectrum was collected for 2 min. 
Synthesis
and Ni(4ClPhCO 2 ) 2 , respectively. The relevant yields for 2·2MeOH and 3 were 77% and 79%, respectively. Elemental analysis for 2·2MeOH (
Results and discussion

Syntheses
The reaction of Ni(MeCO 2 ) 2 ·4H 2 O with aboH 2 in MeOH and in the presence of triethylamine (Et 3 N) at room temperature results in a yellow-orange powder and a dark green-brown solution. Recrystallization of the yellow-orange powder revealed the pentanuclear complex 4, while slow evaporation of the dark green-brown solution afforded X-ray quality dark green crystals of 1. Similar reactions involving Ni(PhCO 2 ) 2 ·3H 2 O or Ni-(4ClPhCO 2 ) 2 resulted in the same yellow-orange powder and X-ray quality dark green crystals of 2 and 3, respectively. The identity of the products is independent of the metal to ligand ratio. Performing the same reactions at elevated temperatures (i.e. above 50°C) substantially reduces the yield of complex 4 and increases the yields of complexes 1-3. 
Description of structures
Although complexes 1-3 12 are not isostructural, their molecular structures are very similar. A labelled picture of the representative complex 1, whose structure will be discussed in detail, is shown in Fig. 1 ions is completed by two MeOH molecules and a terminal MeCO 2 − ligand. Alternatively, the metal core of the octanuclear cage may be described as being composed of two "corner" sharing cubanes, with the shared "corner" being the μ 6 -O 2 2− moiety (Fig. 1) . The presence of abmo − corroborates the absence of the hydrogen atom at the carbonyl carbon atom and the short C⋯O distance (i.e. 1.243(7), 1.246 (7) 7a The formation of the latter cluster was achieved only when H 2 O 2 was added into the reaction mixture. The central Ni 6 (O 2 ) core in 5 is similar to that seen for 1-3, but with the two capping Ni II ions residing in the faces of the octahedron lying in the same plane as the O 2 2− ion, rather than in the perpendicular plane for 1-3. Other dissimilarities are the 
Raman spectroscopy
Raman spectra, for the comparison of the 16 O (2·2MeOH) and 18 O (2A·2MeOH) complexes, were collected for all samples on two different Raman spectrometers, both with 785 nm excitation. Although we used two different Raman spectrometers and varied both the exposure times and accumulation numbers in order to maximize the signal to noise (S/N) ratio in the Raman spectra, we did not observe any shifts in the respective spectra that could be ascribed conclusively to the peroxide stretching mode (Fig. S3 and S4 It should be noted that the Raman spectra were relatively noisy and if a weak peroxide band was present it was most likely buried in the noise signal.
Mass spectrometry
Both the unlabelled (2) and 18 O-labelled (2A) complexes were observed as both 1+ and 2+ species where one or both benzoate ligands were lost. A shift of 4 units was observed in the spectrum of 2A compared to the spectrum of 2, with this shift correlating to the labelling of both O atoms of the peroxo ligand (see Fig. 3 and Tables 1 and 2 for mass spectra and assignments).
Magnetic properties
Variable-temperature magnetic susceptibility data for the representative cage 1 were recorded between 250 and 5 K in an applied field of 1.0 kG. A plot of χ M T versus T for 1 is shown in Fig. 4 . The χ M T product for complex 1 decreases upon cooling from a value of 7.88 cm 3 K mol −1 at 250 K to a value of 0.76 cm 3 K mol −1 at 5 K. The shape of the curve as well as the low value of the χ M T product at 5 K suggest the presence of dominant antiferromagnetic exchange interactions and a diamagnetic spin ground state. The structural complexity of the However, in order to qualitatively estimate the magnitude of the exchange, the experimental data were satisfactorily fitted using a simple one exchange parameter ( J) model by employing spin Hamiltonian (1). The best fit parameter was J = -5.02 cm −1 with a fixed g = 2.20.
Thermal properties
Complexes 1-3 are stable in the solid state, can be handled in air and stored at room temperature as powdered samples or as single-crystals within their mother liquor for a period of over two years. Thermogravimetric analysis (TGA, Fig. 5 
